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A  screening  test  program  was  conducted  on  five  (5)  promising  materials 
for  ttss  in  ths  X-20  U»<H«g  (tar  energy-absorbing  system.  She  astsrials 
tested  were  Znoonel,  "A"  Nickel,  Hastelloy  X,  19-9DL,  and  304  SLC.  A 
total  of  two  hundred  and  two  (202)  two- inch  gage  length  tensile  specimens 
were  tested  under  various  combinations  of  temperatures  and  strain  rates 
to  obtain  stress-strain  eurvea  for  comparing  the  materials*  Approximately 
three-fourths  of  the  specimens  tested  were  Inconel  and  "A"  Nickel,  the 
two  mes ,  prospective  materials  based  on  preliminary  evaluation*  Znoonel 
was  concluded  to  be  the  over-all  best  energy  strap  material  for  the  X-20 
landing  gear  application. 

The  energy  strap  development  program  was  continued  with  the  testing  of 
proposed  full-soale  — gear  and  nose  gear  energy  strap  configurations 
under  simulated  X-20  landing  environments.  Ten  (10)  main  gear  and  twelve  • 
(12)  nose  gear  Znoonel  energy  strap  specimens  were  impact  tested  using  a 
drop  test  rig  to  obtain  load  deflection  curves.  Incremental  lengths  and 
diameters  were  measured  before  and  after  impact  test  to  determine  uniformity 
of  strain  along  the  length  of  the  strap.  Several  strap  specimens  were 
loaded  to  failure  following  the  impact  tests  to  establish  maximum  energy- 
absorbing  capacities. 
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INTBODUCTIOH 

This  report  is  the  result  of  work  accomplished  on  EWAa  5-637,  5-638,  and 
5-639*  This  work  was  parforasd  in  order  to  obtain  empirical  data  for 
determining  the  optiaua  X-20  landing  gear  energy  strap  Material  and  the 
energy-absorbing  characteristics  of  the  proposed  full-scale  ■»!«»  gear  and 
nose  gear  energy  strap  configurations.  Using  a  natal  strap  deforming 
in  the  plastic  range  as  a  means  for  absorbing  landing  uipact  energy  requires 
a  naterial  and  configuration  which  displays  a  large  uni fora  strain  and  yields 
efficient  landing  gear  load-stroke  curves  over  the  applicable  range  bf  X-20 
landing  temperatures  and  dynamic  loading  rates.  Under  simulated  landing 
environments,  stress-strain  curves  were  obtained  and  used  as  a  means  for 
comparing  several  premising  energy  strap  materials,and  load  deflection 
corves  were  obtained  for  the  full-scale  straps  for  determining  energy- 
absorbing  characteristics.  : 
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1.1  SUMMARf 

1.1.1  An  evaluation  program  vaa  conducted  to  determine  the  energy  absorbing 
characteristics  of  five  (5)  premising  energy  strap  materials  for  use 
In  the  x-20  Ttidtng  gear  energy  absorbing  system.  The  materials 
tested  were  Inconel,  "A"  Nickel,  Hastelloy  X,  19-9DL  and  30%  HOC. 
Seventy-three  (73)  tensile  specimens  were  tested  in  the  preliminary 
phase  of  this  program.  The  specimens  were  tested  at  temperatures  of 
70*F,  600*7  and  800*7  and  at  0.005,  200  and  300  in./ln./aln.  average 
strain  rates.  These  temperature  and  strain  rates  simulated  the  landing 

@gea r  operational  environments. 

1.1.2  Comparison  studies  of  the  preliminary  test  results  Indloated  Inconel 
as  being  the  overall  best  energy  strap  material  prospeet  with  "A" 

•  •  Nickel  and  Hastelloy  X  next,  both  having  approximately  egual  desirable 
characteristics.  Therefore,  "A”  Nickel  and  Hastelloy  X  materials 
were  selected  along  with  Inconel  for  further  testing. 

1*1.3  Seventeen  (17)  "A"  Nickel  and  Hastelloy  X  specimens  were  tested  at 
-65*7  at  average  strain  rates  of  .005,  200  and  300  In. /in. /min.  to 
determine  which  of  the  two  materials  will  be  carried  through  the 
complete  final  screening  phase  of  the  program  along  with  Inconel. 

The  test  results  Indicated  "A"  Nickel  as  being  the  more  prospective 
of  the  two  materials. 

1.1.%  Final  screening  of  Inconel  and  ”Am  Nickel  Included  tests  of  sixty  (60) 
tensile  specimens  of  each  of  the  two  materials.  These  tests  were 
conducted  at  average  strain  rates  of  0.005,  50,  100,  200  and  300  in. /in./ 
min.  and  at  temperatures  of  -65*7,  70*7,  250*7,  600*7  and  800*7. 
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1.4  INTRODUCTION 

1.4,1  Thie  report  la  the  result  of  work  accompli abed  on  SWA  5-637?  Refer-  ! '' 
•no*  1.3.1.  This  work  vaa  required  to  obtain  emperical  data  for 
datemining  the  eptlaua  material  for  the  X-20  landing  gear  energy 
'}  etrap  abaorptlon  syatem.  Using  yielding  metal  aa  a  mean*  for  abeorb- 

ing  landing  lapaaf  energy,  required  a  material  which  would  display 
uniform  elongation  and  atreaa  characteristics  over  the  applicable 
mnge  of  landing  temperature  a  and  dynamic  loading  rates. 
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1.5 

1.5*1 

TE8T  SPECIMEN 

Tbs  test  specimens  ware  fabricated  per  Reference  1.3.2.  A  aketch  of 
the  teat,  specimen  la  ahevn  aa  Figure  1-1. 

1.5.8 

* 

The  apeelaena  vere  removed  from  the  sheets  aa  shown  In  Figure;  1-2, 
and  were  machined  with.  the  .  grain  direction  parallel  to  the  teat 
load  (longitudinal).. ' 

1.5.3 

Material  Information  and  chemical  analyala  data  are  tabulated  on 

Table's  1-1  and  1-2. 

■  .*.*•••• 

1.6 

TEST  SETUP  AND  INSTRUMENTATION 

'  '  .  ■  .  ■  •*  i 

1.6.1 

Jests  ware  conducted  in  the  Boeing  designed  10,000  pound  capacity 
rapid  loading  tensile  machine  (see  Figures  1-3  and  1-4).  The  speci¬ 
mens  ware  loaded,  by  a  hydraulic  cylinder  actuated  by  a  servo-valve  - 
which  responded  to  an  electrical  signal. 

’  .  ■  •  . .  «r 

•  0 

1/6.2 

. 

•  ’ 

The  proper  strain  rate  .(ram  speed)  was  obtained  by  controlling  the 
fluid  flow  at  the  hydraulic  pump.  The  flow  of  oil  was  Initiated  by 
either  a  Cadillac  or  a  Sanders  servo  control  valve  in  conjunction 
with  aa  electronic  timer  circuit.  In  the  preliminary  phase,  the 
strain  was  recorded  on  film  with  a  1,000  frame/second  Eastman  High 

Speed  motion  picture  tamers  (tee  Figure  1-5)  and  measured  with  the 
aid  of  a  Vanguard,  Model  No.  M-l6,  analyzer.  In  the  final  phase, 
the  elongation  was  measured  by  a  pair  of  Crescent  variable  permeance 
.  gages  attached  over  a  two  Inch  gage  length  (see  Figures  1-6  and  1-7). 

•  *'.*.*. 
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1.6.3 

‘  > 

The  specimens  tested  at  0.005  in. /in. /min.  were  loaded  In  a  12,000 
pound  capacity  Baldwin  universal  test  machine.  The  machine  was 
equipped  with  a  Model  MA-1  autographic  load  strain  recorder. 

A. Baldwin  stralnpacer  was  used  to  Inspire  a  proper  average  strain 
rate.  The  strain  to  failure  was  measured  using  a  Baldwin  TSMD  dual 
rangs  extenscmeter . 

.  i  . 
i 

\  ‘  j 

1.6.1 

Cryogenic  teats  were  conducted  in  a  Boeing  designed  cryogenic  .chamber, 
using  liquid  nitrogen  as  the  coolant  (see  Figure  1-3  and  1-6). 

Elevated  temperatures  were  obtained  using  an  Inconel  strip  heater 
powered  hy  a  variac  controlled  50  KVA  Research  Inc .  Ignitron  power 
supply  (see  Figure  1-4  and  1-7).  Specimen  temperatures  vere  con¬ 
trolled  manually  at  elevated  temperature  either  by  positioning  the 
heater  with  respect  to  the  specimen  or  by  adjusting  the  heater 
current .  in  the  cryogenic  tests,  specimen  temperatures  were  achieved 
by  controlling  the  flew  of  liquid  nitrogen. 

i 

t 

I 

i 

1.6.5 

V 

Chrcnel-aluaal  thermocouples  spotwslded  to  the  specimen  were  used  In 
conjunction  with  a  Leeds  and  Korthrup  strip  chart  recorder  to  measure 
spaolaen  temperatures. 
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1.8.1 
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1.8.2 


TSST  PROCEDURES 

Ninety-five  (9$)  tensile-  a pec ire ns  were  tested  in  the  preliminary 
phase  of  this  program.  The  materials  tested  included  Inconel, 

"A"  Nickel,  Hastellcy  x,  19-9DL,  and  304  KLC.  The  specimens  were 
leaded  to  failure  in  tension  at  atrain  rates  and  temperatures  shown 
in  Table  1-3 .  The  purpose  of  this  phase  of  testing  was  to  seleet 
the  two  most  prospective  energy  strap  materials  of  those  tested  for 
final  screening. 

The  final  screening  lnoluded  tests  of  sixty  (60)  tensile  specimens 
each  of  the  selected  materials  (inconel  and  "A"  Nickel).  The  speci¬ 
mens  were  loaded  at  strain  rates  and  temperatures  shown  in  Table  1-3 
to  approximately  One-third  of  the  estimated  maximum  elongation  at 
rupture  and  then  were  completely  unleaded.  The  specimens  were  then 
reloaded  at  the  initial  strain  rate  and  temperature  to  failure  te 
determine  rebound  characteristics  of .the  materials. 


The  following  data  was  obtained: 

(1)  stress  strain  diagrams 

(2)  energy  absorbing,  capacity  at  rupture  in  inch-lbs. /lb.  of  material 


) 

A  ( 


(3)  energy  absorbing  capacity  at  ultimata  load- in  inah-lbs./lb.of 

material 


'  (4)  percent  elongation  at  ultimate 
(5)  percent  elongation  at  rupture 
TEST  RESULTS 


•  t  - 


■  ,^-V 


Energy  absorbing  properties  and  percent  elongations  are  reported  on 
pages  1.21  through  1.29.  Stress-Strain  diagrams  are  shown  on  pages 
1.30  .through  1.99.  -i..  •"  1 

..  •)••••  >•*..<  *.*;•'  ♦  ,s  ,'t,  ’>  „  * 

Calculation  of  energy  absorbed  at  .rupture  surd  ultimata  load  was  based 
on  the  following  formula:  f'-v.  •*.**( A  *.v  ■  1 


2.- 


vhere 


and 


A  ■  Aria  under  stress  strain  curve  'In  lbs/i h.* 
D  ^  Density  of  material  in  lbs. /in. 3 


I  »  Energy  absorbed  in  in. -lb. 
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1*8*3  The  percent  elongation  at  rupture  and  ultimate  stAngth  vu  measured 
directly  from  the  atresa-etraln  curves . 

1.8.4  Tbs  percent  of  ultimate  elongation  at  rebound  was  based  on  the  follow* 
lng  relationship: 

/ Strain  at  Rebound  i  -g- 
^  Strain  at  Rupture J 

1.9  TEST  OBSERVATIONS 

Tbs  test  objects  were  met  and  tbs  test  equipment  operated  satis¬ 
factorily. 
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KAXERIAL  INFORMATION 
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MANUFACTURE  - 

HEAT  NO. 

DXNIZTZXS 

ibs/hm 

BAT  TKUiT 

U> 

"A"  Hotel 

0.\09 

International 

H25 MAk 

0.3211 

© 

Hletel  coogpany 

-  ' 

Znoontl 

0.1*7. 

Unknown 

Unknown 

.  0.3039 ; 

®  ' 

Haatelloy  X 

0.I25’ 

"  Continental 

X-106 

0.2991 

>  ©  ::•/ 

.  . 

Metals  Inc. 

,  .  .  *« 

t  •  •  ‘  •  S 

•#.*  ’  .  vTT*  "  * 

19-SBL 

0.125 

Continental 

782200 
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.  Metals  mo . 
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30U  ZLC 

6. life 

Unknown' 
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0  Solution  treat  iSOO’F  (±25*F) 

0  Solution  trtat  1950*7  (±25*F) 

0  Solution  trtat  23L50*F  {*25*7), 

Solution  trtat  1950*7  (129*7) 
8olutl«n  trtat  1950*7  (*25*7) 
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TABU!  1-2 

CHEMICAL  ANALYSIS  OF  MATERIALS 
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.0.210 
■  -o^f 
0.20)1' 
0.180 


0.0190 

0.0050 


INCONEL 

HASTELLOY  X 

14.170 

21.630 

76.320 

'  — -  •' 

8.780  ’ 

#  ;  * 

0.820  ‘ 

7.030 

17.210 

0.310 

0.600 

0.130 

0.020 

0»22jl 
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0.300 

0.900 

0.0300  . 

0.110  , 
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0.0060 
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•  0.0020 

19.100 
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1.520 
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0.0190 
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TABLE  1-3 

TEST  OUTLINE 

PRELIMINARY  SCREENING 

STRAIN  RATE 

TEMPERATURE 

MATERIAL 

IN. /IN. /MIN. 

*P 

Inc 

OQtl 

.005 

-65 

,  .005 

72 

190 

72 

180 

600 

200 

000 

290 

72 

Inc 

onel 

290 

800 

Hu 

tellcy  X 

.005 

-65 

i 

.005 

72 

200 

-65 

no 

72 

185 

600 

300 

-65 

295 

72 

Hastelloy  X 

285 

800 

Hie 

leal  "A" 

.005 

-65 

i 

.005 

72 

200 

-65 

180 

72 

190 

600 

300 

-65 

280 

72 

Nickel  "A" 

280 

800 

19- 

9DL 

.005 

72 

180 

72 

185 

600 

295 

72 

19-9DL 

295 

800 

304 

ELC 

.005 

72 

200 

72 

200 

600 

300 

72 

304  ELC 

S§2 

800 
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Inersr  ccsjputations  wn  bwoi  on  the  following  densities, 
Nickel  "A"  -  0.321  lb»./in.3 
Inconel  "  0.300  lbs. /in. 3 
Haetelloy  X  ■  0.290  lbs ./in.3 
301*  elc  -  0.290  lbs  ./in.3 
19-9DL  -  0.287  lbs. /in.3 

Preliminary  Screening.  Specimens  tested  in  the  preliminary 
'screening  phase  were  loaded  directly  to  failure. 


£> 


Pinal  Screening.  Elongation  was  not  obtained  for  the  specimens 
tested  in  the  final  screening  phase. 


p^>  Total  Measured  Elongation. 

i  elongation  on  vhich  energy  to  FTU  (Stress^ Tensile  Ultimate,  PSI) 

is  based. 

7FU  -  Ultimate  Tenr.ile  Fovea,  FSI 
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SUUUBY 


2.1.1  This  resort  contain*  the  results  of  impact  and  statio  load  testing  of 
ten  (10)  main  landing  gear  energy  strap  test  specimens  (full-scale) 
and  three  (3)  standard  tensile  specimens,  all  fabricated  from  the 
same  heat  of  Inconel  material. 

2.1.2  The  Impact  testa  were  conducted  at  speolmen  temperature*  and  lmpaot 
velocities  simulating  three  landing  sink  rates.  Ten  full-scale 
specimens  were  lmpaot  tested. 

2.1.3  The  statio  load  tests  were  conducted  at  room  temperature  to  determine 
the  maximum  energy  absorbing  capacity  of  the  previously  lmpaot  tested 
specimens  and  to  determine  the  statio  tensile  properties  of  the 
material. 

2.1.4  Impact  test  results  obtained  Included  specimen  load  and  defleetion 
versus  time  ourves, permanent  angular  displacement  of  the  speolmen 
pivot  end  due 'to  strap  terminal-pin  friction,  and  speolmen  elongation 
and  seotion  change  over  the  speolmen  length. 

2.1.5  Statio  test  results  obtained  included  load  versus  defleotlon  curves 
for  the  two  (2)  energy  strap  specimens  and  load  versus  strain  curves 
for  the  three  (3)  standard  tensile  specimens. 
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2.4  ISTBOIXJC?Ifl&_ 

2.4.1  Ibis  rsport  is  tbs  result  of  work  accomplished  on  SWA  3638*Hsfsrence 
2.3.1.  Ibis  work  was  required  to  obtain  energy-absorbing  character¬ 
istics  of  a  proposed  main  landing  gear  energy  strap  configuration, 
fabricated  Ikon  Inconel  material,  over  the  applicable  range  of  landing 
temperatures  and  dynamlo  loading  rates. 
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TEST  SPECIMEN 

The  tea  (10)  mein  gear  energy  strap  Impact  load  test  specimens  were 
fabricated  per  Reference  2.3.3.  A  sketch  of  the  test  spednans  Is 
shown  on  Pages  2-15  thru  2-18. 

The  five  (5)  static  load  test  specimens  consisted  of  two  (2)  of  the 
previously  impact -tested  specimens,  and  three  (3)  standard  tensile 
specimens  fabricated  per  Reference  2.3.4.  A  sketch  of  the  tensile 
test  specimens  is  shown  in  Figure  2.2. 

All  test  specimens  were  fabricated  from  the  same  heat  of  2  3/8" 
diameter  Inconel  bar,  annealed  at  1875  ±25  *F  for  30  minutes  after 
machining,  and  then  air  cooled. 

TEST  SETUP  AND  INSTRUMENTATION 

The  Impact  load  test  setup  utilized  a  falling  weight  dropped  from  a 
predetermined  height  (based  on  initial  strap  impact  velocity  require¬ 
ment)  onto  the  lower  part  of  the  test  fixture,  which  was  covered  with 
a  one  Inch  layer  of  high  density  styrofoam.  The  styrofoam  layer  had 
a  compressive  yield  strength  of  120  to  140  PSI  and  acted  as  a  shock 
absorber.  The  Induced  load  was  transmitted  by  the  test  fixture  to 
the  pivot  beam.  The  pivot  beam,  in  turn,  transferred  the  load  through 
a  Rene'  4l  pivot  pin  to  the  terminal  of  the  energy  strap  specimen. 

As  the  energy  strap  deflected  or  elongated  under  the  impact  load 
application,  the  pivot  beam  rotated  through  an  angle  of  rotation 
that  simulates  movement  between  the  energy  strap  and  the  landing  gear 
strut  during  a  landing  Impact  condition.  The  Impact  test  setup  is 
shown  on  Pages  2-20  thru  2-24. 

The  Impact  load  test  elevated  temperature  environment  was  obtained  by 
surrounding  the  strap  specimen  with  twelve  (12)  radiant  heat  lamps. 
These  heat  lamps  were  powered  and  controlled  by  an  ignitron  unit. 

The  impact  load  test  instrumentation  consisted  of  an  electronic  deflec¬ 
tion  indicator  and  a  load  cell  to  measure  deflection  and  impact  load 
and  an  oscillograph  to  record  the  load  and  the  deflection  with  a 
common  time  base.  A  high-speed  camera  and  a  Vanguard  Analyzer  were 
used  to  calibrate  and  check  the  oscillograph  deflection  recording 
during  the  early  phase  of  testing.  Eight  (8)  spot-welded  chrotnel- 
alumel  thermocouples,  equally  spaced  along  the  length  of  each  specimen, 
were  used  to  measure  specimen  temperatures. 

The  static  load  test  specimens  were  tested  in  a  120,000-pound  capacity 
Baldwin  Universal  Test  Machine.  The  machine  was  equipped  with  a  Model 
MD-2  Autographic  Load  Strain  Recorder.  A  Baldwin  Strain  Pacer  was  used 
to  insure  a  proper  average  strain  rate.  The  strain  to  failure  was 
measured  using  a  Baldwin  TS-MD  Dual-Range  Extensooeter.  All  static 
tests  were  conducted  at  room  temperature . 
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2.7 

TEST  PROCEDURE 

2.7.1 

In  order  to  satisfy  the  required  strap  impact  teat  parameters,  ae 
tabulated  in  Table  2.1,  Page  2-8,  several  trial  runs  were  eonduoted 
with  simulated  test  specimens  Installed  In  the  test  system.  The 
strap  load-deflection  data  obtained  from  these  runs  were  used  to 
determine  the  energy-output  characteristics  of  the  test  system. 

• 

2.7.2 

The  actual  specimen  being  impact-tested  was  then  placed  in  the  test 
setup,  using  a  new  oxidized  Rene*  41  pin  for  each  test  to  simulate 
actual  operating  condition.  The  specimen  was  brought  to  the  required 
stabilised  temperature  over  the  specimen  length,  the  weight  was 
dropped  and  the  following  data  obtained t 

1.  Strap  load  versus  time. 

2.  Strap  elongation  versus  time. 

3.  Angular  displacement  of  the  strap  pivot  end. 

4.  Elongation  of  measured  sections  along  the  strap  length. 

3.  Change  of  diameters  at  various  sections  along  the  strap 
length. 

2.7.3 

The  static  test  specimens  were  placed  in  a  Universal  Test  Machine  and 
tested  to  failure.  Strain  versus  load  was  recorded  for  the  tensile 
round  specimens,  and  load  versus  deflection  was  recorded  for  the  pre¬ 
viously  impact-tested  specimens. 

l 

2.8 

TEST  RESULTS 

2.8.1 

May-innini  impact  strap  load,  Impaot  strap  energy  and  strap  per  cent 
elongation  are  tabulated  on  Rages  2-9  thru  2-HAngular  displacement 
of  the  pivot  end  is  shown  on  Rage  2-12.  Load  versus  time,  deflection 
versus  time,  and  load  versus  deflection  curves  are  shown  on  Pages  2-25 
thru  2-^2. 

2.8.2 

Static  test  results  showing  ultimate  and  yield  strength  are  tabulated 
on  Pages  2-13  and  2-l4  .  Static  load  versus  deflection  curves  for  the 
impact-tested  specimens  are  shown  on  Rage  2-43*  Static  load  versus 
strain  curves  for  the  standard  tensile  specimens  are  shown  on  Pages 

2-44  thru  2-46. 

2.9 

TEST  OBSERVATIONS 

. 

2.9.1  ' 

All  Impaot  load  tests  were  completed  satisfactorily  with  the  exception 
of  the  impaot  test  on  specimen  number  three.  No  data  was  obtained  for 
this  specimen  due  to  premature  release  of  the  drop  weight. 

o 

2.9.2 

The  five  (5)  specimens  static  tested  in  the  Baldwin  Universal  Test 

Machine  were  completed  satisfactorily. 
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TABLE  2.1 

REQUIRED  IMPACT  TEST  PARAMETERS 
(REFERENCE  2.3*1) 


Temperature  *F 

72 

300 

600 

6oo 

600 

Gear  Impact  Velocity  JT/SEC  ;  -•  .. 

10 

10 
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10 

Strap  Impact  Velocity  FT/SEC 

20.8 

20.6 

8.3 

1U.6 

20.8 

Strap  Energy  Input  FT-LB 

10,900 

10,900 

1*7^0 

5,300 

10,900 
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3.1  SUMMARY 

3.1.1  This  report  contains  the  results  of  impact,  static,  and  rapid  load 
testing  of  twelve  (12)  nose  landing  gear  energy  strap  test  speci- 
mens  (full  scale)  and  three  (3)  standard  tensile  specimens,  all 
fabricated  from  the  same  heat  of  Inconel  material. 

3.1.2  The  impact  tests  were  conducted  at  specimen  temperatures  and  impact 
velocities  simulating  three  landing  sink  rates.  Twelve  (12)  full- 
scale  specimens  were  impact  tested. 

3.1.3  The  static  tests  were  conducted  on  three  (3)  full-scale  strap  specimens 
which  had  previously  been  impact  tested  at  elevated  temperatures  and 
three  (3)  standard  tensile  specimens  to  determine  maximum  energy¬ 
absorbing  capacities  and  Inconel  basic  tensile  properties,  respectively. 
The  full-scale  energy  strap  specimens  were  tested  at  elevated  temperatures] 
and  the  standard  specimens  were  tested  at  room  temperature  and  at  .003 
in/in/min  strain  rate. 

3.1.4  The  rapid,  load  test  was  conducted  on  one  (1)  previously  impact  tested 
specimen  at  elevated  temperature  to  determine  total  elongation  and 
total  energy  to  failure. 

3.1.3  Impact  tests  results  obtained  included  specimen  load  and  deflection 
versus  time  curves,  permanent  angular  displacement  of  the  specimen 
pivot  end  (due  to  strap  terminal-pin  friction),  and  specimen  elongation 
and  section  change  over  the  specimen  length. 

3.1.6  Static  test  results  obtained  included  load  versus  deflection  curves 
for  the  three  (3)  energy  strap  specimens  and  load  versus  strain  curves 
for  the  three  (3)  standard  tensile  specimens. 

3.1.7  Sapid  load  test  results  obtained  consisted  of  load  and  deflection  data 
at  elevated  temperature. 
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3-26  thru  3-49 

Static  Test  - 

Load,  Deflection,  and  Strain  Plots 

3-50  thru  3-55 

Rapid  Rate  Teat  -  Load  and  Deflection  Plots 

3-56 
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3.3.1 

Nose  Landing  Sear  Energy  System  Development 

EWA  5-639  ££> 

3.3.2 

Energy  Straps  (D/S)  Installation  (Test  Only) 

BAC  25-80333 

3.3.3 

Tensile  Specimen  Round 

BAC  23-7070 

3.3.4 

Strap-Shock  Absorber,  Nose  Landing  Gear  (Test  Only)  BAC  29-80000 

3.3.5 

Figure  3.4,  Energy  Strap  Test  Specimen 

®eS.  PA-2A95784 

I\o* 

3.3.6 

Figure  3*5.  Sene'  41  Pivot  Pin  -  Impact  Test 

Ncg.  FA-2A95782 

No. 

3.3.7 

Figure  3*6.  Pivot  End  -  Impact  Test  Fixture 

Neg.  fa-2A100537 

NO* 

3.3.8 

Figure  3*7.  Impact  Test  Setup  -  High  Temperature 
Environment 

|!eg*  FA-2A95783 

NO#  ' 

3.3.9 

Figure  3*9.  Impact  Test  Setup  -  High  Temperature 
Environment 

Nog.  fa-2A95350 

No. 

3.3.10 

Figure  3>10«  Impact  Test  Setup  -  Low  Temperature 
Environment 

^es*  FA-2A101036 

No. 

3.3.11 

Figure  3*U«  Sapid  Loading  Test  Setup 

FA-2A104409 

No. 

R® for  to  D2-6783-1  Structural  Integrity  Development  and  Test  Program  - 
Detail  Plan  -  Structures  Technology 


3.4  INTRODUCTION 

3.4.1  This  report  is  tbs  result  of  work  accomplished  on  EWA  5-639  *  *  ,’„r 

Reference  3«3*1.  The  work  was  required  to  obtain  energy-absorbing  :lV' 
characteristics  of  a  proposed  nose  landing  gear  energy  strap 
configuration,;  fabricated  from  Inconel  material; over  the  applicable 
range  of  landing  temperatures  and  dynamic  loading  rates*. 


Refer  to  D2-6783-1  Structural . Integrity  Development  and  Test  Program  - 
**  "  Detail  Plan  -  Structures  Technology 
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3.5.1 


3.5.2 


3.5.3 


3.5.* 


3.6 

3.6.1 


3.6.2 


3.6.3 


3.6.4 


TEST  SPECIMEN 

The  twelve  (12)  Bain  gear  energy  at  rap  Impact  load  tart  specimens 
ware  fabricated  per  Reference  3*3.4.  A  sketch  of  the  test  specimens 
is  shovn  la  Figure  3.1,  3.3,  and  3.4. 

The  six  (6)  static  load  test  specimens  consisted  of  three  (3)  of 
the  previously  impact  tested  specimens  and  three  (3)  standard  tensile 
specimens  fabricated  per  Reference  3.3*3*  A  sketch  of  the  test 
specimens  Is  shovn  in  Figure  3.2. 

The  rapid  load  test  specimen  consisted  of  one  (l)  of  the  previously 
Impact  tested  specimens. 

All  test  specimens  were  fabricated  from  the  same  heat  of  4"  diameter 
Inconel  bar,  annealed  at  1875  ±25 *F  for  30  minutes  after  machining 
and  then  air  cooled. 

TEST  SETUP  AND  INSTRUMENTATION 

The  Impact  load  test  setup  utilised  a  falling  weight  dropped  from  a 
predetermined  height  (based  on  initial  strap  Impact  velocity  require¬ 
ment)  onto  the  lover  part  of  the  test  fixture,  which  was  covered  with 
a  one  Inch  layer  of  high  density  styrofoam.  The  styrofoam  layer  had 
a  compressive  yield  strength  of  120  to  140  PSI  and  acted  as  a  shock 
absorber.  The  Induced  load  vas  transmitted  by  the  test  fixture  to 
the  pivot  beam.  The  pivot  beam,  in  turn,  transferred  the  load  through 
a  Rene 1  4l  pivot  pin  to  the  terminal  of  the  energy  strap  specimen . 

As  the  energy  strap  deflected  under  the  impact  load  application,  the 
pivot  beam  rotated  through  an  angle  of  rotation  that  simulates 
movement  between  the  energy  strap  and  the  landing  gear  strut  during  a 
landing  Impact  condition. 

The  elevated  temperature  environment  vas  obtained  by  stirrounding  the 
strap  specimen  with  twelve  (12)  radiant  heat  lamps.  The  heat  lamps 
were  powered  and  controlled  by  an  ignitron  unit.  The  low  temperature 
environment  vas  obtained  by  applying  carbon  dioxide  gas  Into  a  plywood 
box  which  encased  the  test  specimen. 

The  Impact  load  test  Instrumentation  consisted  of  an  electronic 
deflection  indicator  and  a  load  cell  to  measure  deflection  and  Impact 
load  and  an  oscillograph  to  record  the  load  and  deflection  with  a 
common  time  base.  A  high  speed  camera  and  a  Vanguard  analyzer  were 
used  to  calibrate  and  check  the  oscillograph  recording  during  the 
early  phase  of  testing.  Eight  spot  welded  chromel-alumel  thermo¬ 
couples,  equally  spaced  along  the  length  of  each  specimen,  were  used 
to  measure  the  temperature  of  the  elevated  temperature  tested  specimens. 
Three  (3)  chromel-alumel  thermocouples,  one  (l)  placed  at  the  center 
and  one  (1)  at  each  end,  were  used  to  measure  the  temperature  of  the 
low  temperature  tested  specimens. 

The  three  (3)  standard  tensile  specimens  tests  were  conducted  In  a 
120,000  pound  capacity  Baldwin  Universal  test  machine  at  room 
temperature.  The  machine  was  equipped  with  a  model  MD-2  autographic 
load-strain  recorder.  A  Baldwin  strain  pacer  vas  used  to  Insure  a 
proper  average  strain  rate.  The  strain  to  failure  was  measured 
using  a  Baldwin  TS-MD  dual  range  extensometer. 
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Three  (3)  of  the  previously  impact  tested  specimens  (numbers  12,  13, 
and  14)  were  tested  to  failure  in  the  one  million  pound  capacity  test 
machine  at  elevated  temperatures.  The  elevated  temperature  environment 
was  obtained  by  surrounding  the  strap  specimen  with  radiant  heat  lamps. 
These  heat  lamps  were  powered  and  controlled  by  an  ignitron  unit. 

1%e  static  load  test  instrumentation  consisted  of  a  70,000  pound 
capacity  load  cell  to  measure  load,  a  reel  type  deflection  transducer 
to  measure  the  pin-to-pin  deflection,  and  an  X-Y  plotter  and  adaptor 
console  to  record  load  versus  deflection.  Four  (4)  spot  welded 
chromel-alumel  thermocouples  equally  spaced  along  the  length  of  each 
specimen  were  used  to  measure  specimen  temperature. 

The  rapid  rate  deflection  test  setup  consisted  of  a  hydraulic  bench, 
used  in  conjunction  with  accumulators,  a  servo  valve,  and  needle  valves, 
to  actuate  a  hydraulic  cylinder.  The  hydraulic  cyclinder  ram  and  fitting 
was  attached  to  the  energy  strap  through  an  adaptor.  The  elevated 
temperature  environment  of  800*  F.  was  supplied  by  radiant  heat  lamps, 
powered  and  controlled  by  an  ignitron  unit. 

Instrumentation  consisted  of  a  load  cell  and  crescent  deflection 
indicator  to  measure  load  and  deflection.  A  record  of  load  and 
deflection  was  provided  by  a  Visicorder  high  speed  strip  chart 
recorder.  Specimen  temperature  was  measured  by  spot  welded  chromel- 
alumel  thermocouples  equally  spaced  along  the  length  of  each  specimen. 

TEST  PROCEDURE 

In  order  to  meet  the  required  impact  test  load  parameters  as  tabulated 
in  Table  3«1,  several  trial  runs  were  conducted  with  simulated  test 
specimens  installed  in  the  test  system.  The  strap  load-deflection 
data  obtained  from  these  runs  were  used  to  determine  the  energy  output 
characteristics  of  the  test  system. 

The  actual  specimen  being  impact  tested  was  then  placed  in  the  test 
setup  with  a  new  oxidized  Rene*  41  pin  installed  for  each  test  to 
simulate  actual  operating  condition.  The  specimen  was  brought  to  the 
required  stabilized  temperature  over  the  specimen  length,  the  weight 
was  dropped,  and  the  following  data  obtained: 


1.  Strap  load  versus  time. 

2.  Strap  deflection  versus  time. 

3.  Angular  displacement  of  the  strap  pivot  end. 

4.  Elongation  of  measured  sections  of  the  strap. 

5.  Change  of  diameter  at  various  sections  along  the  strap  length. 


3*7*3  The  static  test  specimens  were  placed  in  a  universal  test  machine  and 
tested  to  failure.  Strain  versus  load  was  recorded  for  the  standard 
tensile  specimens  and  load  versus  deflection  was  recorded  for  the 
three  (3)  previously  impact  testejspecimens. 
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3.7.4  The  rapid  rata  deflection  test  specimen  was  placed  in  the  test  setup t 
heated  until  a  stabilized  temperature  of  £00°  F.  was  obtained  over  the 
full  length,  and  loaded  by  a  quick  acting  hydraulic  actuator.  Load* 
and  deflection  data  was  recorded. 

3.8  .  TEST  RESULTS 

3.8.1  Maximum  impact  strap  load,  impact  strap  energy,  and  strap  per  cent 
elongation  are  tabulated  on  pages  3-10  thru  3-12.  Angular  displacement 
of  the  pivot  end  is  shown  on  page  3-13*  Load  versus  time,  deflection 
versus  time,  and  load  versus  deflection  curves  are  shown  on  pages  3-26 
through  3-49. 

3.8.2  Static  test  results  showing  ultimate  and  yield  strength  are  tabulated 
on  pages  3-14  and  3-1 5.  Static  load  versus  deflection  curves,  for 
the  previously  impaot  tested  specimens,  are  shown  on  pages  3-50  through 
3-52.  Static  load  versus  strain  curves  for  the  standard  tensile  specimens| 
are  shown  on  pages  3-53  through  3-55. 

3.8*3  Rapid  rate  deflection  test  results  are  shown  on  page  3-14.  Load  versus 
deflection  curve  is  shown  on  page  3-56. 

3.9  TEST  OBSERVATIONS 

3*9.1  Impact  tests  were  satisfactorily  completed  on  the  nose  gear  energy 

straps.  Equipment  functioned  properly  and  data  was  recorded  for  each 
test. 

3.9.2  All  specimens  tested  to  failure  in  the  Universal  Test  Machine  produced 
satisfactory  data. 

3*9*3  One  specimen  was  tested  in  the  rapid-rate  load  setup.  Equipment 
functioned  properly  and  satisfactory  data  was  obtained. 


ua  on  iooo  eiv.  t/ta 


a-»ui-a 


REV  SYM. 


I  NO-  P2-80086 

I  SECT.  3  PACE 


T  C 


,  V. 

I 


TABLE  3-1 

REQUIRED  IMPACT  TEST  PARAMETERS 
(REFERENCE  3*3»1) 


Temperature  *  P 

-65 

72 

600 

600 

600 

Clear  Impact  Velocity  (FT /SEC  }  • 

17 

17 

12 

17 

17 

Strap  Impact  Velocity  (ft/SEC) 

•  20.3 

20.3 

14.3 

'  20.3 

20.3 

Strap  Energy  Input  (FT-LB) 

32,600 

32,600 

16,200 

■ 

32,600 

32,600 

.  > 

*  V  *  •  * 

1  *  *' 

u 


TABLE  3.1 

REWIRED  IMPACT 
TEST  PARAMETERS 


v 


ao&A/o 

Sec.  3 


NO. 

MSI 


D2 --80086 


3-3 


PART  BO.  ! 

r~ — .  . 

29-80000-2 

SnCXMBV  VO* 

7 

8 

9 

10 

TEST  RESULTS 

' 

TWP.~*F 

600 

, 

600 

72 

72 

WHOHT  DROP  "LBS. 

A860 

*860 

U60 

*860 

DISZARCB  OP  DROP  -  DBH 

kk 

*1.3 

76 

76 

STRAP  IMPACT  VIL  -  FT/SBC. 

it>! 

1V.3. 

1A.3 

20.3 

20.3 

STRAP  IMPACT  VEL  FT/SEC. 

15  .* 

1*.9 

20.2 

20.2 

STRAP  INFLECTION  (MAX.)  IBCH 

6. 31 

5.56 

6.70 

6.72 

AHOULAR  ROTATIOH  OP  PIVOT  BEAN  (  *)  -DEO. 

30.7 

27.0 

31.6 

31.7 

TOTAL  IHPOT  EREROI  OP  THE  SYSTBf  FT-LB 

t^>- 

20,752 

19,310 

33,893 

33,901 

STRAP  IREROr  IHPOT  (RECORD)  FT-UB8. 

D£>E>[8> 

18,200 

16,609 

26,91* 

27,2# 

STRAP  MAX.  IMPACT  LOAD  KIPS 

*5.* 

1*7-2 

63.5 

62.8 

STRAP  EHERGP  OTUT  WAS  OBTAIHKD  FROM  TEX  AREA  URin  TEE  LOAD-KEPT 
[}£>  MEASURED  DATA 
£>>  REQUIRED  DATA  (SEE  TABLE  2.1) 


CALCULATED  DATA  AS  FOLLOWS: 


v  -a/5/6 

KpftTr  -  *tf+frl*»>4 


WHERE  V  -  IS  THE  VELOCITY  OP  THE  PALLET  BOOT  AT  IMPACT. 

H  -  IS  TEX  DISTAICX  THE  FALLivi  BOOT  WILL  DROP  EEPOgL  IMPACT. 
lCAL  -  18  TEE  TOTAL  UPOT  BSEKPT  OF  TEE  STROM. 

Wl-  IS  THE  WEIOET  OP  THE  PALLIHO  BOOT. 

Wz-  IS  THE  WEIGHT  OP  THE  TEST  FIXTURE. 

£  -  IS  THE  DEFLECTION  OP  THE  TEST  SPBCIMBR 

>>  SEE  PAGE  3-23  FOR  LOCATION  OP  AIOLE  (<*  ) 

j£>THI  EEENOI  LOSS  IX  THE  8T8TEN  WAS  DUB 
TO  THE  FOLUJWHO: 

1)  FRICTION  BETWEER  THE  PALLOKP  WSKST 
AND  THE  TEST  FUTURE.  (AID) 

2)  CRU8HBO  OP  THE  8TTR0P0AM  LATER 
OH  TBS  TINT  FIXTURE  BASE  PLATS 

AT  IMPACT. 


CALC 
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API 

AM 


von  otar  amor  straps 


29-60000-2 

29-00000-3 

l - - - - 

29-00000-2 

29-00000-3 

7  | 

6 

9 

10 

u 

12 

13 

14 

15 

16 

i 

17  ! 

! 

18  1 

1 

6oo 

600 

72 

72 

72 

600 

1 

i 

600 

000 

000 

72 

i  1 

I  -65  i 

-65 

4860 

lt660 

4660 

4860 

4060 

5275  ; 

5275 

5275 

5275 

5275 

5275  j 

5275 

44 

M-3 

76 

76 

76 

79 

79 

79 

79 

79 

79 

79 

14.3, 

14.3 

20.3 

20.3 

20.3 

20.3 

20.3 

20.3 

1 

20.3 

20.3 

20.3 

20.3 

15  .4 

14.9 

20.2 

20.2 

20.2 

20.6 

to. 6 

20.6 

20.6 

20.6 

20.6 

1  20.6 

6.31 

5.56 

6.70 

6.72 

8.10 

9.43 

9.06 

9.70 

9.06 

9.00 

0.96 

j  0.60 

30.7 

27.0 

31.6 

31.7 

30.4 

45.1 

43.2 

46.0 

43.2 

47.O 

42.0 

41.0 

20,752 

19,310 

33,093 

33,902 

3*, 543 

39,434 

j  39,230 

39,609 

39,250 

39,619 

39,200 

39,020 

10,200 

16,609 

26,914 

27,236 

26,496 

33,029 

32,903 

33,323 

32,877 

33,459 

33,263 

32,561 

ki.k 

47*2 

63.5 

62.0 

54.4 

35.5 

j  38.0 

34.0 

57.0 

53.0 

57-3 

;  50.0  j 

IRON  THE  AH5SA  URCTR  THE  MAD-EBJUCTIOB  CURVE  OS  PACT  3*96  THRU  3-49 


NOT  AT  IMPACT, 
r  VXU  DROP  BEFORE  IMPACT. 
I  STROM. 

DT. 

KB. 

PBCOOR 
IQIE  (=■<) 

IS  UUI 


no  man 

n>) 

LATER 

PLATE 


CALC  JJAbo  . 

REVISED 

DATE 

TABLE  3.2 

IMPACT  TEST  RESULTS 

X-20 

check 

apr 

— 

X-20  ROSE  IANDIHO  OTAR 

02-80066 

APR 

THE  BOEING  COMPANY 

PAGE 

%  Dirt.  *  6 


IO.ZO  I  9.86>  9.6S  |  9,SS  |  9.8tol  9.9S  |/g3/ 


figure:  3.1 


V**  V"'  -J 

•4, 


I.ZSB  PIA. 


I.sos  PIA. 
PW/OT  6  NO 


STRAP  SHOCK.  ABSORBER  KJOSE  LANDING  GEAR 
SPECIMEN^  NUMBER  25-  80000-2-  £  &3-Saoo 0-3 


.FIGURE  3.2 


,500  DIA 


S,S»0 


Tensile  specimen  round 
SPECIMEN  NUM&ER  ZZ-7070 


FIGURE  3.1  &  3.2 
TEST  SPECIMEN 


&0&MG 


NO.Oa-8008G 


UM9HM 


SECT.  3 


PACK  3-/7 


FIGURE  3,4 
ENERGY  STRAP 

test  specimen 


HO.  D2-8008Ct> 

3-1 


Z. 


i 


AFTER 


*Aioo*V? 


3 


vo  o a -80086 
pao»  3-21 


no.  D2-80086 

rA®i  z-zz 


See.  2 


THE  BOEING  COMPANY 


TIME  ~  SECONDS 


j*  h,  i  v) 


<55  <*■>£> 

•  n  ~o 


t/? 

lx! 

ar 

o 

-o  ar 


LOAD  ~  KIPS 


LOAD  VS  DEFLECTION 
SPECIMEN  NO.  12 


THE  BOEING  COMPANY 


D2-80036 


PAGE 

3-27 


■  AkSAMCNC®  70317 


M 

w  „  6 

*  U*  5c  CO 
Q  o  1-1  (X. 

ll&s 

5 

On  UN  • 

cu  w  &\<y 


III 


LOAD  -v/  KIPS 


I  ^tvs4 


LOAD  VS  DEFLECTION 
SPECIMEN  NO.  13 


D2-80086 


PASS 

2 -39 


K*S  AUUNCKC®  70117 


THE  BOEING  COMPANY 


DEFLECTION  ~  INCHES 


</>  . 

*0 

.  Q 

o 

7L 

0 

O 

u) 

ID 

\\n 

0 

\ 

Ul 

o  b 


cQ  >0 

DEFLECTION 


'J-  <M 

INCHES 


calc  J.Lebo 


check  Jorgensen 


AW 


AW 


US  MOO 


LOAD  tc  DEFLECTION  VS 

X-20 

SPECIMEN  NO.  15 

D2-80086 

THE  BOEING  COMPANY 


PAGE 

3-V-2L 


ALBANENt®  70.1|7 


0 


I 


LO*D  ~  KIPS 


CALC 

J  .Lebo 

angm-iW-u 

DATS 

1  LOAD  VS  DEFLECTION 

SPECIMEN  NO.  15 

X-20 

CHECK 

Jorgensen 

3PEE1 

APR 

D2-80086 

APR 

THE  BOEING  COMPANY 

PAGE 

3- 

U«  401 S  0000  tf+XZ  amamcnk®  7C3I7 


K«*  Al*ANCNC®  70317 


TIME  ~  SECONDS  ■ 


•SECONDS 


pE 

p-i  D  i 

i  ^  a  w 

Q»  H  (X, 

OVD  IA  £ 
O  I  IA 

^ « !*Rr 

On  QN  • 
cnj  w  on  m 
E  ro  ro 


LOAD  ~  KIPS 


LOAD  VS  DEFLECTION 
SPECIMEN  NO.  17 


THE  BOEING  COMPANY 


2-80086 


PAGE 

3-4-7 


U.C  »«*«■«■»  ?=3‘7 


DEFLECTION  ~  INCHES 


LOAD  —  KIPS 


J 


o 

<0 


o 

u> 


o 

* 


o 

ro 


0 

N 


K 


DEFLECTION 


INCHES 


CALC 

•T  .T,obo 

SB3B 

REVISED 

DATE 

CHECK 

Jorgensen 

2 SB 

APR 

APR 

cr 

O 


<0 

O 


O 


vO 

o 


ID 

o 


* 

o 


(O 

O 


rvl 

O 


LOAD  &  DEFLECTION  VS 
TIME 

SPECIMEN  NO.  18 


X-20 


P2-S00S6 


PAGE 


UI40ISM00 


At******®  70317 


THE  BOEING  COMPANY 


TIME  ~  SECONDS 


-resisiL-E 


7 


1  I 


i 

I 


ektensometer  g^*z\v> 


©.005  ©.009 

®.ozo  ©0.1^ 


CHECK 


. t 


. ..APPD 


***■*>  **"'  _  '~71b  DZ-800&G* 

:  ±>£c-  3  ;  '  :  ✓ 


For  IZO Kmachine  only 


1 


■Mi 


